ABSTRACT -The objective of this study was to evaluate behavior patterns of heifers grazing on black oat (Avena strigosa 
Introduction
The main objective of the beef cattle productive activity is centered in two aspects: to obtain the greatest amount of weaned calves and kg of beef per year. Therefore, the use of temperate climate annual pastures such as oat and ryegrass, which are known for their productive and chemical quality potential, is very important. Because the objective of any system is to achieve the maximum productive potential, the knowledge of cattle behavior factors may help in the management and decision making in pasture based production systems, especially to understand the control of intake by the animals (Macari et al., 2007) . For Gontijo Neto et al. (2006) , achieving high gains per animal depends on optimization of forage intake, which is influenced, in pasture situations, by multiple factors, which are grouped according to the environment, animal and pasture.
Knowledge of pasture process mechanisms is also important to understanding the control of animal intake (Macari et al., 2007) . Information of animal behavior and its location can be used to set sites and environments to be used by the animals and balance them in function of their needs (Carvalho et al., 2009) . For an efficient pasture use, it is necessary that there be knowledge of the relationships existing in the plant-animal interface, which involves the study on how pasture conditions interfere in the ingestive behavior of the animal and in its performance in order to identify management conditions fitted to the animal status and to the production system used (Roman et al., 2007) .
When animals are supplemented, new variables interfere in the nutrient intake and are associated with relationships of replacing forage and supplement and/or with the addition in the total dry matter intake, which change according to the characteristics of the forage base and of the supplement (Hodgson, 1990) . Adams (1985) reported a decrease in grazing time when animals were supplemented with corn; however, with no difference in time spent with rumination.
Thus, the objective of this study was to evaluate the behavior pattern of heifers grazing on oat + ryegrass, fed supplementation with brown rice meal and/or protected fat.
Material and Methods
The experiment was carried out in the Beef Cattle Laboratory in the Department of Animal Science of Universidade Federal de Santa Maria. This area is located in the Central Depression of Rio Grande do Sul, at 95 m of altitude, latitude 29º 43' South and longitude 53º 42' West. The soil of the experimental area belongs to the São Pedro mapping unit and is classified as paleaudalf (Embrapa, 1999) . The climate in the region is Cfa (subtropical humid), according to the Köppen classification (Table 1) .
The experimental area corresponded to 16.3 ha, of which 11.7 ha were divided into 12 paddocks with variable area, where control animals were managed, and 4.6 ha, where regulating animals were kept. Pasture implementation occurred on April 1st, 2009 with broadcast sowing of 31.2 kg/ha of ryegrass (Lolium multiflorum Lam.) seeds based on 100% of cultural value, and on April 2nd, 3rd and 4th, 2009, with in row sowing of 77.4 kg/ha of black oat (Avena strigosa Schreb.), with seeds based on 100% of cultural value.
Pasture establishment took 70 days, when animals entered the pastures. Fifteen days before the experimental period were used for adaptation to the supplement and to the management. The experimental period lasted 112 days, from July 5th to October 24th, 2009, divided in four 28-day periods.
A total of 28 Charolais × Nellore crossbred heifers, at initial average age of 18 months and with initial average live weight of 274.9+4.97 kg were distributed into the following treatments: no supplementation: heifers kept exclusively on oat + ryegrass pastures; Megalac (MEG): heifers kept on oat + ryegrass pasture fed 3% of protected fat under estimate of total dry matter intake, set at 30 g/kg of live weight; brown rice meal (BRM): heifers kept on oat + ryegrass pastures, fed brown rice meal at the level of 8 g/kg of live weight; brown rice meal + Megalac (BRM + MEG): heifers kept on oat + ryegrass pastures fed brown rice meal at the level of 8 g/kg of live weight plus 3% of protected fat under total estimate of dry matter set at 30 g/kg of live weight.
Animal behavior was observed in two paddocks of each treatment, with two to the three animals each one, totaling five observed animals per treatment in each evaluation period. The ingestive behavior of animals was carried out on July 28th, September 22nd and October 20th, 2009 for 12 continuous hours, starting at 6:30 a.m. and finishing at 6:30 p.m. Grazing, idle and rumination activities were recorded in minutes, at every 10 minutes. According to Castro (2002) , grazing time is the period when the practice of forage ingestion by the animals takes place, in which small displacements are included. Rumination time was considered the period when the animal was not grazing, but chewing bolus regurgitated from the rumen. Idle time was the period when the animal was neither grazing nor ruminating, but social activities and water ingestion are included.
Bite rate was determined during grazing periods, considered as the time spent by the animal to perform 20 bites (Hodgson, 1982) , and then corrected for one minute by the following equation: bite rate/min = 20*60/time spent to take 20 bites. The time each heifer used to go through ten feeding stations and the number of steps between those stations was registered over the 12 observation hours, in distinct grazing intervals.
Feeding station was defined when animals were grazing, not moving their front feet but sometimes moving their heads (Laca et al., 1992) . The calculation of the number of stations per minute and displacement rate (steps/minute) was done from the variables previously cited. Number of bites per station was calculated by dividing the sum of bite rate per minute by the sum of number of feeding stations per minute.
Forage mass was determined by the double sampling technique (Wilm et al., 1944) , at the beginning of the period and then every 14 days. In each repetition, five 0.25 m 2 cuts at the soil level and 20 visual estimates were done. A sample was taken from each cut for the formation of a composite Forage from the composite sample was homogenized and divided into two sub-samples, one for dry matter (DM) content determination, and the other for manual separation of botanical components of the pasture. The method adopted was continuous grazing with variable stocking rate, through the "put and take" technique (Mott & Lucas, 1952) , by using a pre-determined forage mass of 1.200 kg DM/ha. Therefore, regulator animals were kept in an area attached to the experiment area with oat + ryegrass pastures. To adequate the capacity of animal support and the target forage mass, a forage disappearance rate of 45 g/kg DM (30 g/kg DM intake + 15 g/kg DM of losses) was considered. For calculation of the estimate of DM intake per treatment and period, final forage mass of the period and forage losses over the period were subtracted from total production of DM/ha in the period. Dry matter intake was obtained in g/kg of live weight for each period by dividing the estimated intake of DM/ha by the capacity of animal support in the period.
Based on the values of forage mass, pasture accumulation rate, and capacity of animal support, forage supply (Table 2 ) was determined in kg of DM/100 kg of LW through the equation: FS = ((((iFM+fFM)/2)/number of days)+AR)/CA*100, in which FS = forage supply in the period; iFM = initial forage mass in the period; fFM = final forage mass in the period; AR = daily DM accumulation rate in the period; CA = capacity of animal support in the period. Leaf blade supply was achieved by multiplying the percentage of leaf blades by forage supply.
For sampling of forage consumed by heifers, grazing simulation was carried out in each experimental period, when two trained evaluators, after observation of 15 minutes of ingestive behavior of animals, collected approximately 0.4 kg of forage material similar to the ones collected by the animals (Euclides et al., 1992) . Samples were pre-dried in forced air circulation oven at 55 ºC, for 72 hours, until constant weight, when grinding was done in a Willey type mill with 1 mm mesh sieve. The dry matter content was determined by drying in an oven at 105 ºC until constant weight. The neutral detergent fiber content was determined according to Van Soest et al. (1991) .
The experimental design was completely randomized, with three replicates per area, in a 4 × 4 factorial arrangement (four treatments × four periods). Data were tested for normality by using the Shapiro-Wilk test, with behavior variables time/feeding station and bite rate transformed by logarithms. Afterwards, analyses of variance and F test at the level of 5% of significance were done, through command PROC MIXED, and the AIC was the information criterion for choosing the best structure of covariance; when difference between means was detected, they were compared by Student's t test.
Means followed by different letter in the row differ by the t Test (P<0.05). LW -live weight; NDFa -ash-free neutral detergent fiber; CV -coefficient of variation. The mathematical model adopted in the analysis of variance was the following:
Y ijk = μ + T i + R k (T i ) + P j + (TP) ij + e ijk in which: Y ijk = dependent variables; μ = mean of all observations; T i = effect of the i-th feeding treatment; R k (T i ) = effect of the k-th repetition in the i-th treatment (error a); P j = effect of the j-th period; (TP) ij = interaction between the ith treatment and the j-th period; and e ijk = total experimental error (error b).
Correlation test and polynomial regression were performed at the level of 5% of significance. Data analyses were carried out by using statistical package SAS (Statistical Analysis System, version 8.1).
Results and Discussion
There was no interaction between treatment and period for different manners of expression of neutral detergent fiber intake of the pasture (Table 3) .
The neutral detergent fiber intake of the pasture either in kg or in relation to body weight was not altered (P>0.05) by supplement supply. Those results differ from the ones reported by Silva et al. (2010) , who fed heifers grazing Brachiaria brizantha cultivar Marandu with mineral salt and energy and protein supplementation at the levels of 3, 6 and 9 g/kg of body weight and found a reduction in NDF ingestion due to the observed replacement effect. Over grazing periods, NDF intake increased linearly (P<0.05) by 0.046 kg per day, following the tendency observed in the chemical analyses (Table 2) , which presented an increase of 0.57 g/kg more dry matter in the NDF content as the experimental period advanced.
Supplementation with BRM and BRM+MEG reduced the time spent by grazing heifers in relation to heifers kept exclusively on pastures and which were fed MEG by 21% (Table 4) .
Even when heifers were fed MEG, the small amount supplied, 3% over dry matter intake, did not presented any effect under grazing activity. Over the 12 day-hours of evaluation, 63.13% of the time was assigned for grazing activities of the NS and MEG heifers, and 49.63% were for grazing activities of heifers fed BRM and BRM + MEG. It was found that even with the difference in grazing, the time of rumination did not change, and reduction in grazing time by supplementation with BRM and BRM + MEG increased the idle time of the animals. Silva et al. (2010) found variations in grazing and idle activities as the supplementation level increased but with no alteration in rumination time. According to Moreno et al. (2008) , supplementation with corn meal at the level of 10 g/kg of the body weight for calves grazing year ryegrass decreased grazing time and increased idle time with no effect on rumination, probably in function of the existence of the supplement replacement effect by pasture. The same authors found that grazing time for nonsupplemented heifers corresponded to 409.02 min, and when they were supplemented, the time was 342.5 min. The grazing time found in this study is longer than the one reported by Macari et al. (2007) Pardo et al. (2003) with supplementation level of 7.5 g/kg of body weight on native pasture, 32.4 min, and it met the one reported by Dulphy & Faverdin (1987) for ingestion time of concentrates which varied from 10 to 25 min/kg of dry matter.
There was no interaction between treatment and period (P>0.05) for variables displacement and forage ingestion by heifers (Table 5) , and no variables were significantly influenced by the type of supplement supplied. Even with differences in the time spent by heifers on the pastures, which was lower for treatments BRM and BRM + MEG, it is likely that maintenance of the same forage mass, leaf/stem ratio and leaf blade supply among treatments (Table 2) determined the non-existence of differences of displacement and ingestion.
The permanence of the heifers at feeding stations presented an average of 8.51 seconds, which is a result expressively lower than the 18.62 seconds reported by Trevisan et al. (2005) with steers kept at two levels (350 and 600 kg DM/ha) of green leaf blade biomass on oat + ryegrass pastures. Those authors cite that accessibility of green leaves at pasture superficial heights, by its spatial distribution, and the leaf:stem ratio over pasture growth cycle may interfere in the time that the animal uses for forage ingestion at a grazing station.
As there was no difference (P>0.05) in the time spent at each feeding station, and the amount of bites performed at the feeding station, an average of 8.49 bites, the number of feeding stations per minute remained the same among treatments with no interference in the bite rate per minute. According to Rovira (1996) , when the availability of the forage which the animal searches for eating is twice as much as what it needs, a progressive reduction occurs at the quantity of daily forage consumed, and this process is followed by a reduction in the grazing time, number of bites and size of each bite. Once forage supply was always above the double of the needs of the heifers and leaf blade supply did not present any differences (Table 2) , bite rate remained unchanged among treatments. Moreover, supplementation also did not affect bite rate, which is in agreement with Bremm et al. (2008) , who did not find influence in bite rate with inclusion of increasing, decreasing and fixed levels of concentrate for lambs, so, the average, 57.1 bites/min, remained very close to the one found in this study. The number of feeding stations per minute presented correlation of -0.92 (P<0.0001) and -0.89 (P<0.0001) for time spent per feeding station and number of bites per feeding station, respectively, and the correlation between the latter two was 0.94 (P<0.0001).
The time spent by the heifer in grazing activity was not altered by the increase in period of pasture use (Table 6) , even with the difference in the chemical and structural composition of pasture in the different periods (Table 2 ). Because forage mass was similar between all periods and leaf blade supply and the leaf:stem ratio presented a small variation in the last period in relation to the first period of evaluation, grazing time was constant, especially because there were no factors limiting pasture intake ( The grazing time in different periods was not influenced when increasing and decreasing levels of concentrate were offered to the heifers; however, grazing time varied for nonsupplemented animals and the ones which were fed fixed supplementation (Bremm et al., 2008) . Those authors also conclude that the ingestive behavior of beef heifers grazing oat and ryegrass varied according to supplementation strategies and characteristics of pasture.
During day time, 56.47% of the time spent by heifers corresponded to grazing activity; idle time was represented by 25.99% of the time, with no differences between periods. However, rumination time was influenced (P<0.05) by grazing period, which was best represented by the equation Y=86.0+0.5875*Day (R 2 = 0.32; P<0.0001), concomitant with the growing increase in the NDF intake in g/kg, but correlation was only found with NDF intake in kg (r = 0.29; P = 0.0194).
For Baggio et al. (2008) , grazing time differed between the evaluated stages, increasing from 360 to 460 minutes of vegetative stage to reproductive stage, possibly due to the increase in the proportion of components of senescent material and inflorescence in the structure of the pasture and to the significant decrease in the amount of leaf blade mass, which can reduce quality and increase selectivity, making it necessary to increase grazing time. The time animals remained at the trough did not differ (P>0.05) over grazing time despite the greater amount of supplement in kg as the experiment advanced, i.e., the ingestive capacity of cattle becomes proportional to its body development, so animals with greater body weight at the end of the grazing period on oat + ryegrass pastures present trough behavior equal to when they presented lower weight at the beginning of the experiment, but with concentrate supply equally proportional to its live weight at the two distinct moments.
The search for different feeding stations per minute grew increasingly over the experimental period with reduction in the time spent in each feeding station (P<0.05) ( Table 7) .
This occurred due to the modifications in displacement patterns and pasture ingestion by heifers based on the greater number of feeding stations and on the reduction of time between stations with the increase in bite rates due to the increase in forage intake (Table 2 ) over grazing time.
The number of bites per feeding station decreased linearly, with a variation by 34.48% less at the end of the grazing period, with increasing bite rate, presenting a Table 6 -Time spent grazing, idle, in rumination and at the trough (in minutes) in heifers at different periods of oat + ryegrass grazing maximum point on day 68, with a later decrease (Figure 1 ). One manner cattle acquire sufficient amount of nutrients for their survival is by fitting bite rate to grazing time (Provenza et al., 1992) . Because forage mass and forage supply (Table 2) were the same in the distinct periods, the variations found in the behavior of the heifers may have been manifested in function of variations in the pasture structure as leaf blade supply and leaf:stem ratio. According to Glienke (2009) , alteration in the velocity of ingestion and decision taking to perform one or more bites at the same feeding station was linked especially to structural pasture changes and consequent variation in the chemical composition of the plants. According to Roman et al. (2007) , the grazing animal adapts its ingestive behavior so as to maintain its intake even with variation in pasture structure.
Conclusions
Heifers supplemented with brown rice meal and brown rice meal + Megalac require less grazing time and increase their idle period without changing their displacement patterns within the paddock and pasture ingestion. Grazing and idle time was not altered in the distinct periods of pasture use; however, rumination time increases with the days of pasture use, along with increase in neutral detergent fiber intake, respectively.
